
  

 

Abstract—Bacteriological quality of reclaimed wastewater 

used for irrigation of thirty public parks located in Dubai and 

Sharjah was evaluated. Bacterial contaminants (Escherichia 

coli, Salmonella, Shigella and Enterobacter aerogenes) were 

tested by membrane filtration technique using Bismuth 

Sulphite Agar (BSA) and Violet Red Bile Agar (VRBA) media. 

The results showed the presence of Salmonella, Shigella, E. coli, 

Entereobacter aerogenes and other unidentified bacterial 

species on various selective media with different occurrence 

rates. The most common type of bacteria observed on the BSA 

media were Shigella (63%), E. coli (30%), Salmonella (10%) 

and a large percentage of unidentified bacteria (97%). Whereas 

on VRBA media the most common bacteria detected were E. 

coli (83%), unidentified bacteria (76%) followed by 

Enterobacter aerogenes (70%). The overall results obtained in 

the present study demonstrated that only 40% of the reclaimed 

wastewater samples examined complied with the local and 

widely accepted international standards of less than 1000 fecal 

coliforms/100mL for unrestricted irrigation. Further studies 

are recommended to determine the survival rate of Salmonella 

and other coliform group bacteria in the soil irrigated by 

reclaimed wastewater.  In addition, detailed research should be 

conducted to establish the identity of Salmonella, Shigella (up to 

the species and sub-species level) and other unidentified 

bacteria which were detected in most of the reclaimed water 

samples. 

 
Index Terms—Bacteriological quality, reclaimed wastewater, 

public parks. 

 

I. INTRODUCTION 

Over the past few decades, the United Arab Emirates 

(UAE) have witnessed a growing water stress resulting from 

the rapid population and industrial growth. Water stress in 

the UAE is related to water scarcity, deterioration of water 

quality due to industrial and agricultural activities, depletion 

of aquifers, and saline water intrusion [1]. The quantity of 

fresh water available in the UAE is very low and estimated at 

34m3/inhabitant/yr, while the consumption is very high, with 

the UAE having the third highest freshwater consumption in 

the world [2]. The provision of fresh water supply to meet the 

country’s domestic, agricultural and industrial needs became 
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one of the greatest challenges that face the UAE. Recycled 

water generated after wastewater treatment process plays an 

important role as a substitute for fresh water, saving the 

production of potable water, and contributing to the reduction 

of carbon footprint generated from the desalination process. 

Currently, wastewater in the UAE undergoes a tertiary 

treatment to reduce the concentration of bacteria and other 

chemical contaminants found in secondary treated effluent 

[3], [4]. The use of recycled water in the UAE, however, is 

limited to irrigation of landscape areas, parks and streets in 

major cities. The recycled water is not used for agricultural 

purposes, particularly due to concerns over health and 

environmental hazards, as well as public and social attitudes 

towards the use of crops irrigated by recycled or reclaimed 

wastewater [5]. Most of the recycled water is discharged into 

the sea. The discharge of unused recycled water to the 

environment, particularly to natural water bodies can also 

cause serious environmental problems such as eutriphication 

and algal blooms [6]. To ensure a high quality production of 

recycled water, it is important to develop a systematic 

monitoring of water quality both at the plant and the end 

point (i.e. irrigated soil).    

The impact of recycled water quality on human health and 

the environment still hamper the sustainable use of recycled 

water. Among the issues associated with low quality recycled 

water are microbial pathogens [7]. The uncertainty about the 

health risks to an exposed population through wastewater 

irrigation practices because of the possible presence of 

enteric pathogenic organism is one of the major 

disadvantages of wastewater reuse. Pathogenic bacteria, 

parasites, and viruses are all found in sewage and may 

survive treatment processes [8]. 

Adequate operation of wastewater treatment facilities, 

scientific updating of reuse guidelines and launching public 

awareness campaigns are core factors for successful and 

sustainable large scale wastewater reuse schemes [9]. A study 

that assessed pathogens in reclaimed effluent used for 

industrial crop irrigation indicated a significant reduction in 

Salmonella, E. coli and other fecal coliform members after 

proper wastewater treatment [9]. On the other hand, another 

study has shown survival of different serotypes of 

Salmonella and increased resistance to antibiotics. It was 

suggested that conventional wastewater treatment decreases 

the number of pathogenic microorganisms, but does not 

completely eliminate them [10]. Bacteriological quality of 

the treated wastewater after the final stage of treatment is 

evaluated by the presence of total and fecal coliform bacteria. 

Total coliform is a group of bacteria commonly found in the 

environment and these bacteria are not likely to cause illness 

but their presence indicates that the water is contaminated by 
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more harmful microorganisms. E. coli is one of the total 

coliform group members and its presence indicates the 

general bacteriological quality of water [11]. Several studies 

have indicated the survival of human pathogens in soils 

irrigated with recycled water [8], [12], [13]. The presence of 

pathogenic microorganisms in recycled water used for 

irrigation creates potential health hazards for the exposed 

human population [6], [14]. Therefore, prior to application in 

soil irrigation, recycled water should be treated to high 

quality to prevent transport of various pathogens through 

irrigated soils. Without some type of microbial monitoring, 

treatment requirements cannot adequately be assessed for 

performance and the more understanding of the risks posed 

microbial pathogens in recycled water will have greater 

public acceptance [15]. Uncontrolled use of reclaimed 

wastewater can have significant negative impacts on human 

health and the environment and these impacts can be 

minimized when good management practices are 

implemented [16].  

Very little published data are available on the quality of 

reclaimed wastewater in the UAE. Bacteriological quality of 

reclaimed wastewater after the final stage of treatment should 

be carefully monitored before it is used for irrigation or other 

related activities. In general, there are several categories of 

very well maintained public parks in Dubai and Sharjah 

which are expanding due to extensive development and 

urbanization. These public parks are mostly irrigated by 

reclaimed wastewater therefore the risk of irrigated soil 

contamination by different types of pathogenic bacteria can 

increase in spite of using the advanced wastewater treatment 

methods including sand filtration and chlorination. 

Therefore, investigating the occurrence of different types of 

bacteria including Salmonella, Shigella, E.coli and other 

coliform bacteria in the irrigation water used in public parks 

is important to know whether the wastewater treatment 

methods utilized by the concerned municipalities are 

adequate to reduce the harmful bacteria. This study aimed at 

collecting preliminary data on the occurrence of a few 

bacterial species such as Escherichia coli, Salmonella, 

Shigella and Enterobacter aerogenes in the reclaimed 

wastewater used for irrigation of selected public parks in the 

emirates of Dubai and Sharjah.  

 

II. MATERIALS AND METHODS 

In total, 30 public parks located in the emirate of Dubai 

and Sharjah were chosen randomly. Of these 30 public parks, 

17 were located in the emirate of Dubai and 13 in the emirate 

of Sharjah. The reclaimed wastewater sampling was 

performed twice a week within a period of two months 

during April-May, 2011. Sterile bottles of 1 liter size were 

used for sample collection from the irrigation pipes (at the 

end point of water discharge) in each park. In total, 30 

samples (one sample from each park) were collected and 

transported to the laboratory within 1-2 hours of sampling. 

The membrane filtration procedure was used to enumerate 

the bacterial species [17]. Appropriate volumes of water 

samples were filtered through 0.45 mm sterile filters 

(Sartorius, Germany). The quantitative analyses by 

membrane filtration technique were carried out in duplicate. 

Culture media and incubation conditions used were: 1) 

Bismuth Sulfite Agar (BSA) (HiMedia, India) for 

Salmonella, Shigella, E. coli (36 ºC, 24-48 hour); 2) Violet 

Red Bile Agar (VRBA) (HiMedia, India) for E. coli, 

Salmonella typhimurium and Enterobacter aerogenes (at 

36ºC, 24-48 hours).   

 

III. RESULTS AND DISCUSSION 

The results of this study showed the occurrence of 

different types of bacteria in the reclaimed wastewater 

samples used for irrigation of various public parks located in 

Dubai and Sharjah. Salmonella, Shigella, E. coli, 

Entereobacter aerogenes and other unidentified bacteria 

were detected on BSA and VRBA media with different 

occurrence rates. Fig. 1 shows the overall percentage 

recovery of the four groups of bacteria detected in 30 

reclaimed wastewater samples on the BSA media.  

The results indicated that 6 out of 30 irrigation water 

samples (20 %) were positive for Salmonella species which 

formed black color colonies on the BSA media and 2 of these 

6 samples were found to contain more than 1000 colonies of 

Salmonella per 100 ml of the sample (i.e >1000cfu/100 ml). 

However, Salmonella in the remaining 4 irrigation water 

samples ranged between 1-3cfu/100ml. The occurrence of 

Salmonella in the raw and treated wastewater used for 

irrigation of grass has been reported earlier [9]. 

 

 
Fig. 1. Most common types of bacteria on the BSA media. 

 

In a study that compared the microbial quality of 

wastewater before and after the treatment stages, results 

indicated the presence of a high number of coliform bacteria, 

worm eggs, and Salmonella in the raw wastewater whereas 

treated wastewater was free from coliform bacteria or 

Helminthes eggs [9]. However, in the present study 

reclaimed water from six public parks located in Dubai and 

Sharjah were found positive for Salmonella spp.  Two of 

these public parks located in Sharjah were found to contain 

more than 1000 Salmonella colonies/100ml. The presence of 

Salmonella in the reclaimed water could be due to the effect 

of sanitary treatment method on the survival of the different 

serotypes of Salmonella as reported in a previous study [10]. 

Results also indicated that wastewater treatment might have 

an impact on the Salmonella increased resistance to 

antibiotics [10]. Table I and Table II show the bacteriological 

counting results for Dubai and Sharjah public parks 

respectively.Furthermore, Shigella species were 

predominantly observed in 19 out of total 30 reclaimed 
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wastewater (63%). Four of these nineteen samples were 

found to have Shigella in the range of >50cfu/100ml, 

whereas 15 out of these 19 samples had Shigella in the range 

of <50cfu/100ml of the sample. Whereas, 9 out of 30 samples 

were found to contain E. coli (30%) and  of these 9 samples, 

only one had shown E. coli colony count of 1000cfu/100ml. 

A large number of unknown bacteria in the range of 

3->1000cfu/100 ml were also detected in 29 out of 30 

samples (96%). 

 
TABLE I: BACTERIAL COUNT IN THE RECLAIMED WASTEWATER 

Duba

i 

BSA media 

(cfu/100ml)* 

VRBA media 

(cfu/100ml)* 

Park Sal Sh EC Un EC Et Un 

D1. 0 44 0 0 0 0 74 

D2. 1 5 0 48 16 18 0 

D3. 0 6 0 73 78 0 0 

D4. 0 0 tmtc 61 50 0 0 

D5. 0 5 0 tmtc 37 2 18 

D6. 0 7 0 tmtc 0 65 50 

D7. 0 4 0 3 72 0 2 

D8. 0 0 62 4 0 35 45 

D9. 0 0 52 tmtc tmtc 53 35 

D10. 0 16 0 7 tmtc 25 48 

D11. 0 0 15 tmtc tmtc 1 2 

D12. 0 0 0 tmtc tmtc 0 2 

D13. 0 6 0 8 23 0 0 

D14. 0 0 19 tmtc tmtc 0 84 

D15. 0 33 0 25 tmtc 14 22 

D16. 47 tmtc 0 tmtc tmtc 1 5 

D17. 0 23 0 41 21 3 16 

*cfu=colony forming unit; Sal=Salmonella; Sh=Shigella; EC=Escherichia 

coli; Un=unidentified bacteria; Et= Enterobacter aerogenes; tmtc (too many 

to count) = > 1000 cfu/100 ml 

 

Fig. 2 indicates the overall percentage recovery of three 

groups of bacteria frequently observed in 30 samples on the 

VBRA media. For instance, examination of bacterial species 

growth on the VRBA media showed that 25 of the 30 

reclaimed wastewater samples (83%) contained E. coli. In 12 

out of 30 samples E. coli were found in the range of 

<100cfu/100ml, whereas 18 out of 30 samples detected E. 

coli in the range of more than 1000cfu/100ml. In addition, 

Enterobacter aerogenes colonies were also detected in 20 

samples in the range of 3-65cfu/100ml. As in BSA media, a 

large number of unknown bacteria in the range of 

3-78cfu/100 ml were also detected in 23 out of 30 samples 

(76%) on the VRBA media. 

In general, this investigation indicated that the majority of 

the tested reclaimed wastewater samples from public parks 

were contaminated with E. coli, Salmonella, Shigella, 

Enterobacter aerogenes and some unknown bacterial 

species.  

Microbiological quality guidelines for treated wastewater 

use for irrigation are generally based on total coliforms, fecal 

coliforms, and/or Escherichia coli [13]. However, bacterial 

species such as Salmonella, Shigella and Enterobacter are 

not routinely monitored in the raw and treated wastewater. In 

this study we specifically targeted these bacteria in order to 

know their occurrences rate in the reclaimed wastewater. 

BSA media was used to detect Salmonella, Shigella whereas 

VRBA media was used to detect E. coli and Enterobacter.  

BSA media can support the growth of E. coli as well. But in 

this study we found that the recovery rate of E. coli on VRBA 

media was much higher than that of BSA media.  

 
TABLE II: BACTERIAL COUNT IN THE RECLAIMED WASTEWATER  

Sharjah 
BSA media 

(cfu/100ml)* 

VRBA media 

(cfu/100ml)* 

Park Sal Sh EC Un EC Et Un 

S1. 1 76 0 5 tmtc 11 9 

S2. 0 36 0 3 tmtc 38 42 

S3. 0 0 0 4 12 0 0 

S4. 0 24 0 1 0 7 0 

S5. 0 127 0 4 tmtc 14 0 

S6. 0 9 0 3 tmtc 21 4 

S7. 0 131 18 3 tmtc tmtc 9 

S8. 0 0 14 48 tmtc 30 26 

S9. tmtc 0 0 1 tmtc 70 0 

S10. 0 25 11 1 tmtc 35 10 

S11. 0 0 16 107 0 61 24 

S12. 20 0 0 46 tmtc 0 68 

S13. tmtc 0 0 1 tmtc 4 16 

*cfu= colony forming unit; Sal= Salmonella; Sh=Shigella; EC= Escherichia 

coli; Un=unidentified bacteria; Et=Enterobacter aerogenes; tmtc (too many 

to count) = > 1000cfu/100ml 

 

 
Fig. 2. Most common types of bacteria on the VRBA media. 

 

The universal application of bacterial standards for water 

quality assessment will not yield the same risks from 

microbial pathogens in reclaimed wastewater around the 

world [15]. It is important that risk posed by specific bacterial 

species be evaluated in the reclaimed wastewater by 

performing detailed microbial risk assessment as suggested 

by a previous study [15]. Collecting more samples from 

several locations within the parks like reservoir tank inlet and 

outlet points, and the source (Wastewater treatment plant) of 

reclaimed water could give more precise results. It is 

important that concerned authorities take the necessary 



  

actions to prevent the risks of pathogenic bacteria 

contamination of reclaimed water used for irrigation of 

public parks in the UAE. Additionally, assessment of the 

microbial quality of reclaimed water on a regular and long 

term basis and examination of the survival rate of important 

pathogenic microorganisms are essential to ensure the safe 

use of reclaimed wastewater for irrigation purposes. 

 

IV. CONCLUSION 

In conclusion, bacteriological quality of treated 

wastewater used for irrigation of public parks in Dubai and 

Sharjah was evaluated for the presence of Salmonella, E. coli 

and other coliform group bacteria. The results of this study 

showed a high occurrence of coliform group bacteria in 60% 

of the reclaimed wastewater samples which exceeded the 

local and widely accepted international standard of more 

1000cfu/100ml for unrestricted irrigation. Further studies are 

recommended to determine the survival rate of Salmonella 

and other coliform group bacteria in the soil or the grass/ 

plants which are irrigated by the reclaimed wastewater.  In 

addition, detailed research should be performed to establish 

the identity of Salmonella (up to the species and sub-species 

level) and other unidentified bacteria which were detected in 

most of the collected samples. 
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